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(54) MAGNETIC SENSOR AND MAGNETIC ORIENTATION SENSOR 
(57)Abstract 

PROBLEM TO BE SOLVED: To provide a magnetic sensor 
and a magnetic orientation sensor in which the operational 
stability and the temperature stability are improved while 
reducing the circuitry and the number of adjusting parts 
thereof. 

SOLUTION: The magnetic sensor comprises a magnetic 
measuring section 3 including an amorphous magnetic wire 1 
to be supplied with a high frequency current and a coil 2 
producing a bias field, and means tar detecting a current level 
for generating a field of the same magnitude as a measuring 
field in the opposite direction by varying the level of current 
being supplied to the coil. The detecting means comprises an 
AC coil 21 conducting a sine wave and a DC coil 22 
conducting a DC current, a phase detection circuit 12 for 
comparing the sine wave having an impedance being 

monitored from the voltage across the wire 1 -with the sine ' 
wave from the AC coil, and a DC amplifier 13 for amplitying 
the current being supplied to the DC coil such that the phase 
detection output becomes 0. The magnetic orientation sensor 

comprises a magnetic orientation measuring section where two or three sets of magnetic sensors 
are arranged orthogonally. 
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* NOTICES* 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The magnetic-measurement section by which that principal part is constituted from a coil 
which gives a bias field to the single amorphous magnetic-substance wire which the high frequency 
current energizes, and this amorphous magnetic-substance wire, It has a detection means to detect 
the direct-current value which changes the value of the direct current passed in the above- 
mentioned coil, and generates the field of the reverse sense in the same magnitude as an external 
measurement field. In the magnetometric sensor which measured the magnetic field strength and the 
sense of a longitudinal direction of the magnetic-measurement section from the direct-current value 
detected by this detection means The direct-current coil which a direct current energizes in the 
alternating current coil list which sinusoidal current energizes [ the above-mentioned detection 
means ], The phase detector which detects by carrying out the phase comparison of the sine wave of 
the sinusoidal current energized in the sinusoidal signal and the above-mentioned alternating current 
coil of the RF impedance which acts as a monitor from the both-ends electrical potential difference 
of the above-mentioned amorphous magnetic-substance wire. The magnetometric sensor 
characterized by constituting that principal part from DC amplifier which amplifies the direct current 
energized in the above-mentioned direct-current coil so that the field of the reverse sense may be 
generated in the same magnitude as an external measurement field based on the phase detection 
output from this phase detector. 

[Claim 2] The magnetometric sensor according to claim 1 characterized by the above-mentioned 
alternating current coil and the direct-current coil being constituted by the member of another 
object. 

[Claim 3] The magnetometric sensor according to claim 1 characterized by the above-mentioned 
alternating current coil and the direct-current coil being constituted by the single member. 
[Claim 4] The magnetic direction sensor characterized by having had 2 sets or the magnetic direction 
test section constituted by arranging so that 3 sets might be mutually intersected perpendicularly of 
a magnetometric sensor according to claim 1, 2, or 3, having measured the magnetic field strength 
and the sense of a longitudinal direction of the magnetic-^measurement section in each 
magnetometric sensor, and compounding this etc. and measuring magnetic field strength and bearing. 
[Claim 5] The magnetometric sensor according to claim 1, 2, or 3 characterized by the frequency of 
the high frequency current energized on the above-mentioned amorphous magnetic-substance wire 
being 50kHz- 10MHz. 

[Claim 6] The magnetic direction sensor according to claim 4 characterized by the frequency of the 
high frequency current energized on the above-mentioned amorphous magnetic-substance wire being 
50kHz -10MHz. 



[Translation done.] 
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* NOTICES * 




Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
4Drecisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to amelioration of the magnetometric sensor which can 
detect feeble fields, such as earth magnetism, can be applied to the magnetometric sensor and 
magnetic direction sensor for measuring feeble magnetic field strength, such as this, the sense, and a 
direction, and can aim at reduction like the controller in the circuit list in sensors, such as this, 
especially, and can aim at the improvement of temperature stability in a stability list of operation, and 
a magnetic direction sensor. 

[0002] In addition, magnetic field strength means a direction [ in / in the case of earth magnetism 
and / in the sense / a single dimension ] by the following description. [ total magnetic force ] 
[0003] 

[Description of the Prior Art] It considers as the magnetic direction sensor which detects the former 
(tens of thousands nT(s), dozens A/m), for example, earth magnetism, with a sufficient precision, and 
the flux gate mold magnetometric sensor is most often used. The symmetrical B-H saturation 
characteristics of high permeability cores, such as a permalloy, perform field measurement using 
changing with external magnetic fields, and a flux gate mold magnetometric sensor has the ^^1- 
degree bearing accuracy of measurement However, a large-scale core is needed for a theoretic 
reason, and the flux gate mold magnetometric sensor for earth magnetism detection cannot make the 
dimension of the whole sensor, and a configuration small. There are a hall device using the semi- 
conductor as magnetometric sensors other than a flux gate mold magnetometric. sensor, a magnetic 
resistance element using a magnetic-substance (thing of ferromagnetic is only hereafter called the 
magnetic substance) thin film, etc. However, although the dimension and the configuration were small 
as for this etc., single figure precision was insufficient for detecting earth magnetism, and the 
sensibility to a field had the fault which cannot detect earth magnetism correctly. 
[0004] this invention person etc. has already proposed the magnetic direction sensor etc. under such 
a technological background in the magnetometric sensor list which has precision small and sufficient 
to detect earth magnetism (refer to JP.7-248365,A). 

[0005] That is, this magnetometric sensor was what the principal part of the magnetic-measurement 
section c consists of coils b which give a bias field to the amorphous magnetic-substance wire a 
which the high frequency current energizes, and this amorphous magnetic-substance wire a as shown 
in drawing 9 , and arranges the magnetic-measurement section c of a pair in parallel mutually, and is 
constituted. 

[0006] In addition, among drawing 9' , in amplifier and g, a wave detector and h show a low-pass filter, 
and, as for an RF generator for d to energize the high frequency current on the above-mentioned 
amorphous magnetic-substance wire a, and e, i shows [ resistance and f ] the differential amplifier, 
respectively. 

[0007] And when the high frequency current is energized by RF generator d to the longitudinal 
direction of the above-mentioned amorphous magnetic-substance wire a in this magnetometric 
sensor, while producing a wire both-ends electrical potential difference on the amorphous magnetic- 
substance wire a, it is the periphery field HO to the perimeter of the amorphous magnetic-substance 
wire a. It generates (refer to drawing 10 ). Since the amorphous magnetic-substance wire a is the 
magnetic substance at this time, it has self-inductance L which shows the self-induction nature 
which prevents current change. Here, if an external magnetic field Hex is applied to the longitudinal 
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direction of the amorphous nfliPretic-substance wire a, only in the includlVigle psi according to the 
* strength of an external magnetic field Hex (0 degree < psi< 90 degrees), the magnetization vector M 
of the amorphous magnetic-substance wire a inclines (refer to drawing 10 ). Consequently, the 
effective magnetization component of a circumferencial direction which works as an inductance is set 
to M"COspsi (0<cospsi<1), and self-inductance L will decrease. From change of this self-inductance 
U the strength of the external magnetic field Hex applied to the longitudinal direction of the 
amorphous magnetic-substance wire a can be detected, and change of self^inductance L is 
conversely called for from change of the wire both-ends electrical potential difference when 
energizing the high frequency current to the longitudinal direction of the amorphous magnetic- 
substance wire a. 

[0008] Drawing 1 1 applies an external magnetic field Hex (A/m) to the longitudinal direction of the 
amorphous magnetic-substance wire a, and shows the basic circuit for measuring the wire both-ends 
electrical potential difference (mVp-p) when energizing the high frequency current from RF generator 
d to the both ends of the amorphous magnetic-substance wire a. A presentation arranges the with a 
resistance [ of 100 ohms ] resistance e at a serial on the amorphous magnetic-substance wire a of 
72.5(Fe6Co94) Si 12.5B15. and the graphical representation of drawing 1 2 has shown change of the 
wire both-ends electrical potential difference (mVp-p) to the external magnetic field Hex (A/m) in 
case the frequency of the high frequency current is 300kHz. 

[0009] In the external magnetic field Hex**200 (A/m) neighborhood, a wire both-ends electrical 
potential difference serves as maximum, and the graphical representation of drawing 12 has become 
bilateral symmetry bordering on external magnetic field H<SUB>exO. Although the condition of the 
curve of a graphical representation changes with frequencies of the quality of the material of the 
amorphous magnetic-substance wire a. a configuration, and the high frequency current to energize 
etc., also in any, it becomes the curve of the **** type of drawing 1 2 , or a symmetry mold like the 
crest type (the frequency of the high frequency current which is energized on the above-mentioned 
amorphous magnetic-substance wire unlike the case of drawing 1 2 is 70kHz) of drawing 13 by setting 
a symmetry axis as the axis of ordinate in a field 0 (A/m). the case where a wire both-ends electrical 
potential difference does not show the sense of an external magnetic field Hex, and a wire both-ends 
electrical potential difference is 55 or more mVp-p in the state of the curve of the graphical 
representation of drawing 1 2 — the strength multiple valued of an external magnetic field Hex — it 
cannot decide that it is **** and an external magnetic field Hex cannot be detected. Moreover, the 
sense of an external magnetic field Hex is undetectable from a wire both-ends electrical potential 
difference also in the state of the curve of the graphical representation of drawing 13 . 
[0010] Then, this magnetometric sensor that this invention person etc. developed makes a pair, and 
the two magnetic-measurement sections c arrange it in parallel mutually, and make it for the principal 
part of the magnetic-measurement section c to consist of coils b which give a bias field to the 
amorphous magnetic-substance wire a and this amorphous magnetic-substance wire a, as shown in 
drawing 9 , and constitute it 

[0011] And the coil b which energizes the high frequency current to each of each amorphous 
magnetic-substance wire a, and makes a pair is made to generate the bias field with the opposite 
sense with equal strength, and he detects the difference of the wire both-ends electrical potential 
difference of each amorphous magnetic-substance wire a, and is trying to ask for the strength and 
sense of an external magnetic field Hex of the magnetic-measurement section c. [ of a longitudinal 
direction ] 

[0012] Namely, the curve of the range of -500 A/m. +500 A/m then +200 A/m - +500 A/m. and -200 
A/m - -500 A/m is [ in / drawing 1 2 ] available respectively in a bias field, and if the difference of 
the wire both-ends electrical potential difference of a pair is searched for, the strength and sense of 
an external magnetic field Hex can be measured in the range of **300 A/m. 
[0013] Drawing 14 is the block diagram of the magnetic direction test section of the magnetic 
direction sensor in the case of a 2 component sensor, and the x-y axis of coordinates is also 
indicated for operation explanation. In 2 sets (in the case of a 2 component sensor) of the magnetic- 
measurement section in the magnetometric sensor mentioned above, or 3 sets (in the case of a 3 
component sensor), it arranges and the magnetic direction test section of this magnetic direction 
sensor is constituted so that it may intersect perpendicularly mutually. In the case of drawing 14 . it 
arranges and the magnetic direction test section of a magnetic direction sensor is constituted so 
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that the magnetic-measureml^lection cx and the magnetic-measurem«^^ection cy of a 

* m'agnetometric sensor may be mutually intersected perpendicularly. As for the angle (angle of 
deviation) theta of the bias from magneticHleld-strength F and the x axis currently illustrated, the 
pytput value of X and the magnetic-measurement section cy is shown for it by the following formula 
(1) and the formula (2). respectively, if the output value of the magnetic-measurement section cx is 
Y. 

{0014] 

F=(X2 + Y2)1/2(1) 
theta =tan-1 (Y/X) (2) 

Moreover, in the case of the 3 component sensor for earth magnetism, the z-axis is taken downward 
[ vertical ] to the x-y axis of coordinates of drawing 14 . Like the case of a 2 component sensor, if 
the output value of Y and the magnetic-measurement section cz is Z, as for the angle (angle of 
deviation) theta of the bias from a x axis, it is shown by the above-mentioned formula (2), and as for 
inclination (magnetic dip) chi of the magnetic field vector from total magnetic force F and a horizontal 
plane, the output value of the magnetic-measurement section cx is shown for the output value of X 
and the magnetic-measurement section cy by the following formula (3) and the formula (4), 
respectively. 
[0015] 

F=(X2 + Y2 + Z2)1/2 (3) 

chi =tan-1 [Z/(X2+Y2)1/2] (4) 

And by measurement by the 2 component sensor, the angle of deviation theta from each magnetic- 
field-strength F and x axis, the angle of deviation theta from total magnetic force F and a x axis, and 
the magnetic dip chi of the magnetic field vector from a horizontal plane are computed by calculating 
a formula (2), a formula (3), and a formula (4) by measurement by the 3 [ formula / a formula (1) 
and / (2) ] component sensor for earth magnetism. 

[0016] In addition, when aimed at earth magnetism, to the north sense, the y-axis is taken to a x axis 
and the east sense, the z-axis is taken downward [ vertical ], and the angle of deviation theta is 
measured from north to the circumference of the east, and just takes **** for **** to negative. 
Moreover, a magnetic dip chi takes negative for facing down forward and upward from a horizontal 
plane. 
[0017] 

[Problem(s) to be Solved by the Invention] By the way. since sensor circuits, such as the above- 
mentioned magnetometric sensor which this invention person etc. developed, were mentioned above, 
as shown in drawing 9 , they have arranged two amorphous magnetic-substance wires a in parallel, 
and have taken the configuration which detects the electrical-potential-difference difference 
generated between each amorphous magnetic-substance wire a by impressing the bias field of hard 
flow to the amorphous magnetic-substance wires a, such as this, regularly, respectively. 
[0018] Therefore, in order for the part and sensor circuit which need the two magnetic-measurement 
sections c by which the principal part is. constituted from an amorphous magnetic-substance wire a 
and a coil b to become complicated, and to become disadvantageous in cost and to obtain an output 
from a differential output, when the magnetic sensibility of each magnetic-measurement section c 
was not in agreement, since the output became an error, it had the problem which requires the 
adjustment for the evasion. 

[0019] Moreover, when the property over the temperature of each magnetic-measurement section c 

was not in agreement, it had the trouble which produces a big temperature drift. 

[0020] Then, this invention person etc. continues research further and came to develop the 

magnetometric sensor and magnetic direction sensor which canceled the above-mentioned trouble at 

last. 

[0021] Namely, the magnetometric sensor which this invention person etc. has proposed It is 
premised on the magnetometric sensor equipped with the magnetic-measurement section by which 
that principal part is constituted from a single amorphous magnetic-substance wire which the high 
frequency current energizes, and a coil which gives a bias field to this amorphous magnetic- 
substance wire. A detection means to detect the direct-current value which changes the value of the 
direct current passed in the above-mentioned coil, and generates the field of the reverse sense in 
the same magnitude as an external measurement field is established. The magnetic direction sensor 
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which was characterized by mBiuring the magnetic field strength and tn^Rnse of a longitudinal 
* direction of the magnetic-measurement section from the detected direct-current value, and this 
invention person etc. has proposed was 2 sets or the thing which arranges and changes so that 3 
sets may be mutually intersected perpendicularly of the above-mentioned magnetometric sensor. 
t0022] And magnetometric sensors, such as this, and a magnetic direction sensor were the things 
based on the following measurement principles. That is, acting as the monitor of the impedance of an 
•amorphous magnetic-substance wire, a direct current is added to the coil arranged to the perimeter, 
and a field is generated. When a field with the same magnitude is added with a coil with an external 
magnetic field and the reverse sense so that the field generated from this coil may negate an 
external measurement field. In the amorphous magnetic-substance wire which the relation between a 
field and a wire both-ends electrical potential difference shows the property of the ^^^^ die-bending 
line of drawing 1 2 by setup of the quality of the material, a configuration, a frequency, etc., the 
impedance serves as the minimum. Moreover, in the amorphous magnetic-substance wire which the 
relation between a field and a wire both-ends electrical potential difference shows the property of 
the crest die-bending line of drawing 13 , the impedance serves as the maximum. Since the field 
generated from the coil at this time is uniquely decided from a direct current it can know the 
external sense and the magnitude of a measurement field by measuring the direct current which flows 
in a coil. 

[0023] That is, the value of the direct current passed in a coil is changed, and an external magnetic 
field can be detected from the coil current from which the impedance of an amorphous magnetic- 
substance wire serves as the minimum or the maximum. In this case, since the magnitude of a field 
can be determined including a direction from the one magnetic-measurement section, it is not 
necessary to arrange the two magnetic-measurement sections like [ in the case of taking a 
differential output ]. Moreover, since only the property that the impedance serves as the minimum or 
the maximum is used when the circumference field of an amorphous magnetic-substance wire is 0, 
even if the variation to the field of an impedance changes, it also has the advantage which does not 
affect the detection result For example, even if the property of an amorphous magnetic-substance 
wire changes with temperature and the variation of an impedance to the field changes, since the 
property of an amorphous magnetic-substance wire that an impedance serves as the minimum or the 
maximum by zero field does not change, it becomes possible [ detecting an external magnetic field 
correctly ] by measuring the value of the direct current which flows in a coil in case an impedance is 
the minimum or the maximum. 

[0024] By the way, when the reJation between a field and a wire both-ends electrical potential 
difference compares the amorphous magnetic-substance wire in which the property of the crest die- 
bending line of the amorphous magnetic-substance wire in which the property of the *'MwSe die- 
bending line of drawing 1 2 is shown by setup of the quality of the material, a configuration, a 
frequency, etc., and drawing 13 is shown, Since the measurement field will be restricted to the range 
of abbreviation-400 A/m - abbreviation +400 A/m in the amorphous magnetic-substance wire in 
which it faces applying the above-mentioned invention which thisjnvention person etc. proposed, and 
the property of the **** die-bending line of drawing 12 is shown It is more advantageous to apply the 
amorphous magnetic-substance wire in which the property of the crest die-bending line of drawing 
13 is shown, (since it sets out of range, this field with the value of an impedance lower than the 
impedance of zero field exists and an external magnetic field cannot be measured from the minimal 
value of an impedance). 

[0025] The place which this invention is completed based on such technical knowledge, and is made 
into the technical problem It is premised on the above-mentioned magnetometric sensor and 
magnetic direction sensor which could aim at reduction like the controller in the circuit list, and were 
able to aim at the improvement of temperature stability in the stability list of operation. It is in 
offering the magnetometric sensor and magnetic direction sensor which specified the configuration of 
the above-mentioned detection means when the amorphous magnetic-substance wire in which the 
property of the crest die-bending line of drawing 1 3 is shown by setup of the quality of the material, a 
configuration, a frequency, etc. is applied. 
[0026] 

[Means for Solving the Problem] Namely, the magnetic-measurement section by which that principal 
part is constituted from a coil which gives a bias field to the single amorphous magnetic-substance 
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wire with which the high freqoWcy current energizes invention concerniflWaim 1, and this 
' amorphous magnetic-substance wire, It has a detection means to detect the direct-current value 
which changes the value of the direct current passed in the above-mentioned coil, and generates the 
field of the reverse sense in the same magnitude as an external measurement field. It is premised on 
the magnetometric sensor which measured the magnetic field strength and the sense of a longitudinal 
direction of the magnetic-measurement section from the direct-current value detected by this 
-detection means. The direct-current coil which a direct current energizes in the alternating current 
coil list which sinusoidal current energizes [ the above-mentioned detection means ]. The phase 
detector which detects by carrying out the phase comparison of the sine wave of the sinusoidal 
current energized in the sinusoidal signal and the above-mentioned alternating current coil of the RF 
impedance which acts as a monitor from the both-ends electrical potential difference of the above- 
mentioned amorphous magnetic-substance wire, It is characterized by constituting that principal part 
from DC amplifier which amplifies the direct current energized in the above-mentioned direct-current 
coil so that the field of the reverse sense may be generated in the same magnitude as an external 
measurement field based on the phase detection output from this phase detector. 
[0027] In addition, the configuration (claim 3) which may take the configuration (claim 2) which the 
above-mentioned alternating current coil and the direct-current coil which give a bias field to an 
amorphous magnetic-substance wire constitute from the member of another object, and sinusoidal 
current is energized in an alternating current coil, and makes a direct-current coil energize a direct 
current, respectively, and constitutes an alternating current coil and a direct-current coil from a 
single member, and is made to superimpose sinusoidal current and a direct current on this member, 
and energizes may take. 

[0028] Moreover, invention concerning claim 4 relates to the magnetic direction sensor constituted 
combining the magnetometric sensor concerning claims 1 and 2 or 3 two or more, 
[0029] Namely, invention concerning claim 4 is premised on the magnetic direction sensor which 
measures magnetic field strength and bearing. It has 2 sets or the magnetic direction test section 
constituted by arranging so that 3 sets might be mutually intersected perpendicularly of a 
magnetometric sensor according to claim 1, 2, or 3. It is characterized by having measured the 
magnetic field strength and the sense of a longitudinal direction of the magnetic-measurement 
section in each magnetometric sensor, and compounding this etc. and measuring magnetic field 
strength and bearing. 

[0030] In addition, like wires, such as a magnetometric sensor indicated by JP,7-248365.A, after the 
amorphous' magnetic-substance wire applied in this invention-fuses the alloy of a presentation of a'-'-r,--'^'^ 
CoSiB system, a FeCoSiB system, and others, it is liquid super-quenched and is made into the line 
with a circular cross section. Furthermore, in order to adjust magnetostriction constant lambdas and 
a magnetic anisotropy. it is what gave tension annealing, and it has a magnetic anisotropy strong 
against the circumferencial direction of an amorphous magnetic-substance wire, magnetostriction 
constant lambdas speaking of — magnetostriction constant lambdas If an absolute value becomes 
smaller than 10-6, since the wire both-ends electrical potential difference mentioned later will 
become small and it will be hard coming to detect, it is desirable to use the thing of the range of -10- 
6<lambdas <=0. Moreover, the range of detection sensitivity of 30 to 150 micrometers is large, the 
diameter of an amorphous magnetic-substance wire has it. and although die length is usable from 
about 1mm or more, 3mm or more is desirable from the ease of an output. [ desirable ] 
[0031] Moreover, in order to take out change of an impedance efficiently, the frequency f of the high 
frequency current energized on an amorphous magnetic-substance wire has the range desirable 
although based also on the quality of the material of an amorphous magnetic-substance wire, and the 
structure of a magnetometric sensor of 50kHz - 1 0MHz (claim 5 and claim 6). It is because the 
sensibility to a field falls remarkably except this range. 

[0032] Thus, according to the magnetometric sensor and magnetic direction sensor concerning this 
invention as which the configuration of the above-mentioned detection means was specified 
Compared with the conventional magnetometric sensor which needed two amorphous magnetic- 
substance wires, the number of an amorphous magnetic-substance wire can be reduced to one about 
a basic magnetometric sensor. Since the magnetic-measurement section can be made by this to 
constitute from a single amorphous magnetic-substance wire and a single coil. Since the analog signal 
processing network which could attain reduction of components mark and the miniaturization of a 
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sensor, and existed by two cH^Rs is also set to one, balance adjustmen^Kcomes unnecessary, and 

* reduction like the controller in the part and circuitry can be aimed at. 
[0033] Moreover, although the property and circuit property of an amorphous magnetic-substance 
yure are changed with temperature, even if the number of the amorphous magnetic-substance wire of 
a basic magnetometric sensor becomes one as mentioned above, and the property of an amorphous 
magnetic-substance wire changes with temperature, the property that an impedance serves as the 

•minimum or the maximum by zero field can aim at the improvement of stability of operation and 
temperature stability, without taking complicated circuitry from not changing. 
[0034] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is explained to a 
detail with reference to a drawing. 

[0035] Drawing 1 shows the circuit conceptual diagram of the field sensor concerning this invention. 
This field sensor The single amorphous magnetic-substance wire 1 which the high frequency current 
(sine wave) energizes from RF generator (high-frequency oscillator) 4, The detection means for 
detecting the direct-current value to the above-mentioned direct^current coil 22 which has the 
magnetic-measurement section 3 which the principal part consists of with the coil 2 which changes 
from the direct-current coil 22 to alternating current coil 21 list, and is made to generate the field of 
the reverse sense in the same magnitude as an external measurement field is established. 
[0036] Namely, the direct-current coil 22 which a direct current energizes in the alternating current 
coil 21 list in which sinusoidal current energizes this detection means from a sine wave oscillator 10, 
The phase comparison of the sine wave of the sinusoidal current energized in the sinusoidal signal 
alpha and the above-mentioned alternating current coil 21 of the RF impedance which acts as a 
monitor through a wave detector 8 and a low-pass filter (LPF) 9 from the both-ends electrical 
potential difference of the above-mentioned amorphous magnetic-substance wire 1 is carried out. 
The phase detectors 1 2, such as lock in amplifier which detects, That principal part consists of DC 
amplifier 13 which amplifies the direct current energized in the above-mentioned direct-current coil 
22 so that the field of the reverse sense may be generated in the same magnitude as an external 
measurement field based on the phase detection output from this phase detector 12. In addition, the 
direct-current coil 22 serves as the configuration of a part of detection means and magnetic- 
measurement section in the above-mentioned alternating current coil 21 list. 

[0037] And in this magnetometric sensor, if the high frequency current (sine wave) is energized from 
RF generator (high-frequency oscillator) 4 on the above-mentioned amorphous magnetic-substance 
' ■ wire 1, and sinusoidal current is energized from a sine wave oscillator 10 in the above-nientioned 
alternating current coil 21 and it acts as the monitor of the RF impedance of the amorphous 
magnetic-substance wire 1 from a both-ends electrical potential difference, the sinusoidal signal 
alpha will be acquired. 

[0038] Next, this sinusoidal signal alpha and the sinusoidal current energized in the alternating 
current coil 21 are inputted into a phase detector 12, and a phase-comparison necropsy wave is 
performed by the phase detector 12 of a parenthesis in the sine wave of the sinusoidal signal alpha 
and the above-mentioned sinusoidal current- It becomes possible to detect an external magnetic field 
including that polarity by this detection. Next, the direct current energized in the above-mentioned 
direct-current coil 22 so that this phase detection output may be set to 0 based on the phase 
detection output from this phase detector 12 is amplified in response to an operation of DC amplifier 
13. That is, the negative feedback (negative feed back) which a coil current (direct-current value) for 
the RF impedance of the above-mentioned amorphous magnetic-substance wire 1 to become the 
same as zero field generates is given, and it is made to converge until the above-mentioned phase 
detection output is set to 0 (that is, the RF impedance of the amorphous magnetic-substance wire 1 
maximum). 

[0039] And the sensor output (DC output) of the direct-current value at the time of converging a 
phase detection output on 0 (the RF impedance of the amorphous magnetic-substance wire 1 being 
the maximum) is carried out from above-mentioned DC amplifier 13. This DC output is a direct- 
current value at the time of the field of the reverse sense occurring from the above-mentioned 
direct-current coil 22 in the same magnitude as the measurement field of the sensor exterior, and 
becomes possible [ asking for the external sense and the magnitude of a measurement field ] from 
this DC output 
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[0040] And the point that th^Hatest advantage at the time of compari^^ith the conventional 
* magnetometric sensor about this magnetometric sensor can make the magnetic-measurement 
section constitute from a single amorphous magnetic-substance wire and a single coil, and the 
property that an impedance serves as the maximum by zero field even if the property of an 
amorphous magnetic-substance wire changes with temperature are the points that the improvement 
of stability of operation and temperature stability can be aimed at, without taking complicated 
xircuitry from not changing. 

[0041] In addition, in this magnetometric sensor, the amorphous magnetic-substance wire which has 
the property of the crest die-bending line shown in drawing 2 is applied on the relation which adopted 
the method which detects the time of the sinusoidal signal alpha of a RF impedance being a peak 
(namely, maximal value), and measures an external magnetic field. Specifically, the presentation has 
applied 72.5(Fe6Co94) Si 12.5B15, magnetostriction constant lambdas=-10-7, the diameter of 50 
micrometers, and the amorphous magnetic-substance wire of 5mm of effective length. Moreover, the 
thing with a number of turns [ 300 ] and a coil diameter of 4mm was applied to the direct-current coil 
22 made to generate the field of the reverse sense in the same magnitude as a measurement field. 
[0042] Moreover, on the amorphous magnetic-substance wire 1 , the high frequency current (70kHz 
and 8mA) (sine wave) is energized from RF generator (sine wave oscillator) 4, and sinusoidal current 
(100Hz and **50mA) is energized from the sine wave oscillator 10 in the alternating current coil 21. 
In addition, the thing with a number of turns [ 300 ] and a coil diameter of 3mm was applied to the 
alternating current coil 21. 

[0043] Drawing 3 shows the example of concrete circuitry of this magnetometric sensor. 
[0044] That is, the detection means for detecting the direct-current value to the above-mentioned 
direct-current coil 22 which this magnetometric sensor has the magnetic-measurement section 3 by 
which that principal part is constituted from a single amorphous magnetic-substance wire 1 which the 
high frequency current (sine wave) energizes, and a coil 2 which changes from the direct-current coil 
22 to alternating current coil 21 list, and is made to generate the field of the reverse sense in the 
same magnitude as a measurement field is established. 

[0045] Namely, the direct-current coil 22 which a direct current energizes in the alternating current 
coll 21 list in which sinusoidal current energizes this detection means. The phase detector 12 which 
detects by carrying out the phase comparison of the sine wave of the sinusoidal current energized in 
the sinusoidal signal alpha and the above-mentioned alternating current coil 21 of the RF impedance 
which acts as a monitor through a wave detector 8 and a low-pass filter (LPF) 9 from the both-ends 
electrical potential difference of the amorphous magnetic-substahce wire-1, That principal part 
consists of DC amplifier 13 which amplifies the direct current energized in the direct-current coil 22 
so that this phase detection output may be set to 0 based on the phase detection output from this 
phase detector 1 2. 

[0046] In addition, for four, as for amplifier and 6. an RF generator, and 5, 7 and 11 are [ resistance 

and 10 ] sine wave oscillators among drawing 3 . 

[0047] 

[Example] Hereafter, the example of this invention is explained with reference to a drawing. 
[0048] It has arranged so that the magnetic-measurement section 3 of the magnetometric sensor of 
this invention shown by drawing 3 may intersect 2 sets perpendicularly mutually, and the magnetic 
direction sensor equipped with the magnetic direction test section 100 as shown in drawing 4 was 
manufactured. In addition, the electrode with which the amorphous magnetic-substance wire with 
which 1 and 2 constitute one magnetic-measurement section 3, the amorphous magnetic-substance 
wire with which 1' and 2' constitute magnetic-measurement section 3' of another side for a coil again, 
and a coil are shown among drawing 4 , respectively, and 101 constitutes a substrate and 102 
constitutes a part of one magnetic-measurement section is shown. 

[0049] Moreover, in connection with the magnetic-measurement section having become 2 sets, the 
circuitry of the magnetometric sensor added as shown in drawing 5 is added, in addition, inside of 
drawing 5 , and 6' — resistance and T — amplifier and 8' — as for a phase detector and 13', an 
alternating current coil and 22' show [ a wave detector and 9' ] the direct-current coil for a low-pass 
filter and 12', respectively, as for DC amplifier and 21'. Moreover, that to which the same sign as 
drawing 3 was given shows the same thing as it of drawing 3 . 

[0050] In addition, in this magnetic direction sensor, magnetostriction constant lambdas =-10-7, the 
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diameter of 50 micrometers, ^^fthe thing of 5mm of effective length ar^^ilied for the presentation 
' to the above-mentioned amorphous magnetic-substance wire 1 and 1' by 72.5(Fe6Co94) Si 12.5B15, 
respectively. Moreover, a thing with a number of turns [ 300 ] and a coil diameter of 3mm is applied 
to the above-mentioned coil 2, and the alternating current coil 21 which constitutes 2' and alternating 
current coil 21 \ and the thing with a number of turns [ 300 ] and a coil diameter of 4mm is applied to 
the direct-current coil 22 and direct-current coil 22\ Moreover, the sinusoidal current which 
•energizes the high frequency current which energizes the resistance of resistance 6 and 6' to 100 
ohms, each amorphous magnetic-substance wire 1, and 1' to 70kHz, 8mA, each alternating current 
coil 21, and 21* is 100Hz and **50mA. 

[0051] And the magnetic direction was measured using this magnetic direction sensor. This result is 
shown in drawing 6 and drawing 7 . That is, as a result of measuring Y output (V) of X (output V) 
magnetic-measurement section 3' of the magnetic-measurement section 3 in the range whose 
azimuth phi is 0 degree - 360 degrees by using as Azimuth phi the include angle measured from x- 
axis forward to the circumference of the y-axis forward direction, two sine curves whose phase 
contrast is 90 degrees were obtained to the azimuth phi as shown in drawing 6 . Drawing 6 shows the 
azimuth dependency of Y output (V) of X (output V) magnetic-measurement section 3' of the 
magnetic-measurement section 3. 

[0052] Moreover, at least all directions calculated the value of X output in angle phi, and Y output 
with the microcomputer, and calculated the value of tantheta and a bearing output from ratios, such 
as this. In addition, a bearing output is the numeric value of the arbitration unit showing the output 
value in the circuit obtained to Azimuth phi corresponding to 1 to 1. 

[0053] Consequently, obtained drawing 7 shows the azimuth dependency of a bearing output It turns 
out that a magnetic direction can be measured with the bearing accuracy of **1 degree like [ the 
graphical representation of drawing 7 has good linearity, and ] the magnetic direction sensor indicated 
by JP,7-248365,A. 

[0054] Next, drawing 8 is the graphical representation having shown the relation of the temperature 

and the output in the magnetic direction sensor (example of a comparison) indicated by the magnetic 

direction sensor concerning an example, and JP,7-248365,A. That is, the temperature dependence of 

the sensor output in each sensor standardized with the value of 20 degrees C is shown. 

[0055] And it is checked that the temperature stability of the magnetic direction sensor concerning 

an example is remarkably improved from this graphical representation. 

[0056] 

[Effect of the- Invention] According to the magnetometric sensor and magnetic direction sensor^^^ 
concerning invention according to claim 1 to 6 Compared with the conventional magnetometric 
sensor which needed two amorphous magnetic-substance wires, the number of an amorphous 
magnetic-substance wire can be reduced to one about a basic magnetometric sensor. Since the 
magnetic-measurement section can be made by this to constitute from a single amorphous 
magnetic-substance wire and a single coil. Since the analog signal processing network which could 
attain reduction of components mark and the miniaturization of a sensor, and existed by two circuits 
is also set to one, balance adjustment becomes unnecessary, and it has the effectiveness that 
reduction like the controller in the part and circuitry can be aimed at. 

[0057] Moreover, although the property and circuit property of an amorphous magnetic-substance 
wire are changed with temperature, even if the number of the amorphous magnetic-substance wire of 
a basic magnetometric sensor becomes one and the property of an amorphous magnetic-substance 
wire changes with temperature, the property that an impedance serves as the minimum or the 
maximum by zero field has the effectiveness that the improvement of stability of operation and 
temperature stability can be aimed at, without taking complicated circuitry from not changing. 
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* NOTICES * 




Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
43recisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The circuit conceptual diagram of the magnetometric sensor concerning this invention. 
[Drawing 2] The graphical representation showing the relation between the bias field of the above- 
mentioned magnetometric sensor, and an amorphous magnetic-substance wire both-ends electrical 
potential difference. 

[Drawing 3] The block diagram showing the example of circuitry of the magnetometric sensor 
concerning this invention. 

[Drawing 4] The outline perspective view of the magnetic direction test section of the magnetic 
direction sensor concerning an example. 

[Drawing 5] The block diagram showing the example of circuitry of the magnetic direction sensor 
concerning an example. 

[Drawing 6] The graphical representation showing X of the magnetic-measurement section obtained 
in the example of the magnetic direction sensor concerning an example, and the azimuth dependency 
of Y output. 

[Drawing 7] The graphical representation showing the azimuth dependency of the bearing output 
: obtained in the example of the magnetic direction sensor concerning an example. 
[Drawing 8] The graphical representation having shown the relation of the temperature of a magnetic 
direction sensor and the sensor output concerning an example and the example of a comparison. 
[Drawing 9] The block diagram showing the example of circuitry of the magnetometric sensor 
concerning the conventional example. 

[Drawing 10] The explanatory view for explaining the property at the time of energizing the high 
frequency current on an amorphous magnetic-substance wire. 

[Drawing 11] The block diagram showing the example of a configuration of the fundamental circuit for 
measuring the wire both-ends electrical potential difference when applying an external magnetic field 
to the longitudinal direction of an amorphous magnetic-substance wire in the magnetometric sensor 
concerning the conventional example, and energizing the high frequency current to both ends. 
[Drawing 12] The graphical representation having shown the relation of the external magnetic field 
and amorphous magnetic-substance wire both-ends electrical potential difference which were 
measured using the measuring circuit of drawing 1 1 . 

[Drawing 13] The graphical representation having shown the relation of the external magnetic field 
and amorphous magnetic-substance wire both-ends electrical potential difference which were 
measured in case the frequency of the high frequency current energized to an amorphous magnetic- 
substance wire, using the measuring circuit of drawing 11 is 70kHz. 

[Drawing 14] The block diagram showing the example of circuitry of the magnetic direction sensor 
concerning the conventional example. 
[Description of Notations] 

1 Amorphous Magnetic-Substance Wire 

2 Coil 

3 Magnetic-Measurement Section 

4 RF Generator (Sine Wave Oscillator) 

8 Wave Detector 

9 Low-pass Filter (LPF) 

1 0 Sine Wave Oscillator 
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12 Phase Detector 
" 13 DC Amplifier 

21 Alternating Current Coil 
^2 Direct-Current Coil 
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DRAWINGS 



[Drawing 10] 
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[Drawing 2] 
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[Drawing 4] 
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[Drawing 11] 
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[Drawing 7] 
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30 r^/^:7r;=^^tt<*^!^^'^li-ii5^t6^2^ mm^^M 

4/6-e^Ki^i6ms^ (:iE?i:s) Sriimu. ;&^o. _bfa 
3:e«=i--r/^2 1 {wiE?£&^ti^i ot^hiE^^mM^m 

ffiU r^/i-:7r:^ett»l^>f'^i^iS^^S'f vt'-i^^ 
>^ ;^ * I^Sa«flE * ^ ^ ^ ^ — r S t jES&m a # f> 

[00 3 8] ::<oiE?£S{t-^a ^^^Sc^-f /W2 1 
lC3im^tL^iE^^Sffi«75Hi4i«lftlUKl 2(cA;^$;h. 
^>oroffiffi:B^&lelK 1 2 tcj: t) jEa:i6{t-^a i:±faJE 

t^^^o ^sfef-. :i<oiim^^^^i 2f)^h<Dwmi^^m 
n>f/u2 2\zmm^ri^m.mmmiimmmm^i 3(of^ 

50 [0 0 3 9] ^UT> ffi«eiJKtti;^;05o ir^e/i^yr:^ 
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[0 0 4 0] ^UT. :i(75aM-fe>'iMwOV^TtJ§*^0^ 

(^m-mM\^ J: o T'^^b L fc ^ L-ci. 0 m#-e^ 

[0 0 4 11 i^. r.Oi8^^ir:^iMc:^oi/>Xti. ^m&^ 

(Fe6C 094 ) 72.5 Si 12.5 B 15 > ^^^^ A. s 

= -10-7. ig^SO/im. 5inm(Dr^/V-:7 
fix #^3S3 0 0. 3^yUii:M4inmO^><7)^iiffi U 

[0 0 4 2] ^/c. r^/i-7r^?K14«^^7>f iril-fi. 

jgiS&mai (iE?i:iS^MIf) 4;^)^^ 7 0 kHz. 8mA 

Ji. jESJ6^««l0d^ibl OOHz. ±50mAC0jE 

#IS3 0 0. =i>r/Uii:^3min<^t><0^jgffi U/Co 
[004 3] 13 3 C<7)|^^ir ^^1^<?5:irflc6^J^BIK«^ 

[0 0 4 4] -r/.ft?-t>. ^co^^^r^1^fi. Si^lfemj* 

^1^:. S5SK=i>r/^2 iafeWriEi«=3></P2 2;{)^e>^^ 

=i>f /W2 ^T'-^tT^^^asia^^iij^^tte^^iy^s^^ 
Sit'5±i2aiffi='^>'^2 2'^oti:iffim»fis«:^toi"^^- 

[0 0 4 5] -r**^^>. jESi6««Sd^ 
iim^ti/5^SE='^>^^2 i^t;5lci£SKmSffi;&^3l®^^^ 
ii:8S=i>f /v-2 2 i:. T^/v-:7r ^^t^f*^^-^ l 
mi£/?)^^^iS§^8^ >B:^:7^/u^ (LPF) 9^^U^ 

fB3?«E='^/^2 lt:i3imStt5:ES16«SS<7)IE5Sffii:^ 
^5:ffltl:gJUTel^S^^T9fi!:tB^^KlH]Kl 2 ro^ita 
:|^j£lHlKi 2;i)>^c?D{i*ieiiSm;'3^t^l^-<^{^^^& 
m;^*5o i:>i^J:5l-^I^^='-<>'^2 2(;iii«'r^itiffim 
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S£^ii*i-rsii:ssii*ssi 3 ^T'^cj^^asd^it^^tL 

[0 0 4 6] 03*. 4*liS^iK«aS. 5. 7. 1 

i»liiit«i?^. enSinx 1 0fijES:S5ISSST-fc5« 

[0 0 4 7] 

[0 0 4 8] IS 3 T*^ bfc:z^^0>3<O?^^ir >'f-(O^K^aiJ 

^gs3(D^^i:^Mcii:^i-6 J:9l-iBab"C> m^Kz. 

i^^ia^bfco 1^. 1^4*. 1 ^ 2 fi-:;^(D^^a>j^as 

yt. 1' ^2' *m:^<75?K^iB^3' ^flt^-rST^ 

10 1 amwLs 10 2 :;^(7)^^a>j^ai^7)— 

[0 0 4 9] -^t^. mum'^^r'^^^^^^^<=>f^^^^^^ 

r^mw^ii'Xi^^^o f^. 1^5*. 6' i-mm. 7' itm 
s' t^eissi. 9* ii^my^^^^^ 12' *m 
ffi^iSiH]^. 13* 21* n^M^^ 

22' n&U^^ ^^^^ti^^yj^^x\^^^o 
[0 0 5 0] j^. :L(Dm^:fj^^>'-^\^^^^x±ur^ 

/u:7r^a^4ft:i7^irlx l' (FeeC 

O 94 ) 72.5 S i 12.5 B 15 ^^^1^ Xs = - 1 0 . 

tb-CV>-5o ^fc. ±IS='>r>'W2. 2' 

^/U2 1 ^3^?5!c::^-r/^2 1 * ICJ±^#^3 0 0. =1^/^ 

ii:^3mm(7)t)<^;^^^iffi^^^ ii:St:3-r/i-2 2 

>r/i^2 2* i;i(i##^3 0 0. /l-ii:^4mm(7)t>C> 
dSigffi$ttXV^6o «1S6. 6* (DSfcifittilO 

OQ. #r^/^:7r:^^tt*^^"^l^ 1' Iriim-T^ 
iSi^SaSEti 7 0 k H z . 8 mA. ^^SE='-1'/^2 1. 
2 1 ' \:imm-r^jE^f&mMn IOOHz. ±50 mA 

[0 0 5 1] -^rUX. r(D^^;^fi!:ir>'l^^ffi«/>Ta^ 

a^fiy«a5 3(^)xw:^ (V) . m^m^s' (DYmti 

bx{i*e^^59 0*" (7:>^o<DjE!£tt^?Ji^#^tbfCo 136 
ii?Kms>j^3toxtti;^ (V) . m^mm^s' ovm 

;^ (V) <7)*fir^»^14&^l-t:V>'5o 

[0 0 5 2] ^/-c. «-;^{4^<j>iriott^xtH^. YW:^ 

*{fi:^«i-^u-ci*rii;i*hSuxme>n6iE]K* 
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[00 5 3] r <os^*. mhtitcm 7 nyji^Lititi(o:fjiiL 
< . 4#P¥7 - 2 4 8 3 6 s-^^Am^tm^titcm^:^ 

-t^^#M¥7 - 248365 ^^^iCfSSc ^ tlfzM^-)5 

[0 0 5 5] ^ur. :ic7)^y:7ig/^j^^. 

[0 0 5 6] 

[^0.^(^^^] »*«l-6|S«tO^PJt;i^^^^irV 
(col>T2*cor^/V'>^T^?8Sttf*:r7^-lr^!^i'^i: bfc 

^^o. 2lHlK^fcofcr^P^fH^^S^^^ 
[0 0 5 7] ^fc. r^/\^'yr:^^^^V4-Y(D!^\±^ 

^{b U <k U X 1 0 l^#T*>f ^ ?65^l/J^^ u < 

[|Il®(7)1ft*/.^IftB^] 

[01] jmm\m^^m^'^>'^<omnWi^m. 

[1^2] ±IS?3£^ir^^i^(D/<^r>^.^#<^r^/i-:7r:^ 
[03] *%§^tw«6?K«-fe^^i^«oiplK«^m^-r::^ 
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[06] mmm\z.^^^mm.')5^'^>'^<om:mmx%hft 

0o 

[0 7] nmm\m^^m^')3&.'^>'^<onmmx%hiri 
10 [0 8] mmmt\mm\m^^m^-)5^'^i^'t<Dm:^t 

[011] i^^*Mi;i#>6^^Hr>-f-lc;joV^xr^/i-:7r 

(Dm^&bm^(Dm^m^7jk'r^^ y ^ 0o 

20 [01 2] 01 l<Da'J^[HlSS^ffiV>-CffliJ^U/c^gP^# 
[01 3] 01 1 oSy^[H]K^ffli/^75^or^/w:7r 

\^i^u^^^mm'r^mm&mwi<Dm&ikr^ 7 o k h z 
[014] ^*^?ijic>0^-5iK^;^*i:'fe>'i^(7)[eiK«fi£i^J^ 

30 1 r^/i->^r:^?Kttf*^!7-r^ 

2 =»>fyu 

3 . ^K^ay^gp 

4 mm&mm HEm^mmm 

8 

9 i&m-y^^^'^ (LPF) 

1 o jE5fei6^M§^ 

1 2 ffitseiiSlHiK 

1 3 mmmm^ 

2 1 ^Sft=i-i'/^ 
40 2 2 
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